Introduction {#S0001}
============

Osteoporosis is a progressive disease characterized by low bone mineral density (BMD), deterioration of bone architecture, and compromised bone strength resulting in fractures.[@CIT0001] It causes significant morbidity and burden in aging populations and a growing impact on health system budgets. It was estimated in 2010, that 27.5 million people (5.5 million men and 22 million women) in Europe had osteoporosis,[@CIT0002] resulting in approximately 3.5 million new fractures, at an estimated cost of 37 billion Euros. Similarly, Wright et al[@CIT0003] estimated that in 2010, 10.2 million US adults aged 50 years and older had osteoporosis. In Latin America, it was estimated in 2012 that more than 1.4 million women in Colombia aged 50 years or older were living with osteoporosis, with this number projected to increase to more than 1.5 million by 2020, and to over 2 million by 2050.[@CIT0004] A report by the National Institute of Health of Colombia showed a higher overall prevalence of osteoporosis in Colombia compared with other locations for all age groups and an abrupt increase in the number of Colombian women with osteoporosis during the fifth and sixth decade of life.[@CIT0005]

Teriparatide (recombinant human parathyroid hormone) is a bone-forming medication delivered by subcutaneous injection that preferentially stimulates osteoblasts to produce new bone tissue, thereby increasing bone mass and strength. Once-daily administration of teriparatide over the course of up to 24 months of treatment in postmenopausal women and men with osteoporosis reduces vertebral and non-vertebral fractures[@CIT0006]--[@CIT0009] but is often restricted to more advanced disease. It may be cost-effective as a second-line therapy in patients who have more severe osteoporosis and who are not responding to conventional antiresorptive therapies as demonstrated by continued fracture.[@CIT0010]

Recently, biosimilar teriparatide has been registered for use in Colombia. Biosimilar medicines are biologic products that are highly similar to originator reference products. Biosimilar products are not exact replicas of the originator biologic medicine; however, despite minor differences in clinically inactive components, biosimilars are assumed to have no clinically meaningful differences in terms of safety profile, purity, and potency compared with the originator biologic.[@CIT0011] The introduction of biosimilar agents in the health-care system has the potential for significant cost-savings, mitigating rising drug costs, or expanding patient access to biologic therapies.[@CIT0012] However, cost is not the only factor influencing biosimilar product uptake. Studies have demonstrated that despite a reduction in cost of 20--30% compared with the originator reference product, uptake of the biosimilar product does not always eclipse the utilization of the originator product.[@CIT0013] Available biosimilar products may vary in other ways that are important to prescribers and patients. Uptake greatly depends on health-care provider willingness to promote, prescribe, and use biosimilars in clinical practice and on patient acceptance of the alternative options. Health-care providers have been shown to approach biosimilar medicines with caution, citing limited biosimilar knowledge, low prescribing comfort, and safety and efficacy concerns as deterrents to biosimilar use.[@CIT0014]

Previous patient preference studies of osteoporosis treatments have examined the relative importance of attributes that varied among available treatment options including efficacy and safety, frequency of dosing (once daily, weekly, monthly, yearly), cost, and route of administration (oral, injectable), and have demonstrated that these factors influence patients' preferences, adherence, and satisfaction with osteoporosis treatments.[@CIT0015]--[@CIT0019] However, none of the studies elicited patients' preferences for biosimilar alternatives to existing biologic osteoporosis treatments among patients with advanced disease. Therefore, the aim of this study was to elicit preferences for osteoporosis treatment attributes from patients at high risk of fracture who are candidates for injectable treatment. A discrete choice experiment (DCE) survey was used to elicit preference for treatment attributes that patients identified as being important when choosing among injectable osteoporosis treatments when the efficacy, safety, and cost of the alternatives are assumed to be the same. In addition, we explored the importance to patients of educational and/or support programs by using an object-case best-worst scaling (BWS) exercise.[@CIT0020]

Patients and Methods {#S0002}
====================

Study Design {#S0002-S2001}
------------

The discrete choice experiment (DCE) is one among a number of methods used to elicit patient preferences and has been used increasingly in recent years to quantify preferences for multiple attributes, the relative importance of those attributes to patients, and the tradeoffs patients are willing to make among those attributes.[@CIT0021]--[@CIT0025] In a DCE, respondents are presented with a series of questions, each presenting a choice between two or more profiles defined by varying levels of a common set of attributes.[@CIT0026] The pattern of responses across the series of choices can be used to infer the implicit weights that respondents place on changes in the level of one attribute relative to changes in the levels of other attributes. The attributes used to define injectable medicine alternatives in this study were whether the medicine was an originator biologic or biosimilar, needle length, angle of injection, dose measurement, and refrigeration requirements. These attributes and the levels used to define each profile are presented in [Table 1](#T0001){ref-type="table"}.[@CIT0026]Table 1Attributes and Levels of the Discrete Choice ExperimentAttributeLevelsVariableType of osteoporosis medicineOriginal biologic medicineBIOLBiosimilar medicineBIOS^a^Length of the needle4 mmMM46 mmMM612 mmMM12^a^Angle of injectionAt a 90-degree angleDEG90At a 45-degree angleDEG45^a^How to measure the medicine dose for each injectionYou set the correct dose yourselfAUTOPen sets the correct dose automaticallyMANU^a^How long the medicine can be left out of the refrigerator when travelingNever (must be kept in a cooler when traveling)NEVRCan be left out of the refrigerator for up to 24 hours (1 day)H24Can be left out of the refrigerator for up to 36 hours (1½ days)H36^a^[^1]

The attributes were identified by participants attending two qualitative focus groups conducted in Bogotá, Colombia, on July 13, 2017. Each focus group included five participants who were eligible to participate if they were 18 years of age or older, had a self-reported physician diagnosis of osteoporosis, and could provide informed consent. During the focus group, participants were first asked about what they liked most and what they liked least about their current or most recent osteoporosis treatment. After the initial discussion during which the explanation of a biosimilar product was provided (see [[Appendix](https://www.dovepress.com/get_supplementary_file.php?f=250745.docx)]{.ul}), nurses demonstrated the use of two teriparatide drug-delivery devices: FORTEO (Eli Lilly and Company, Indianapolis, Indiana USA) and OSTEOTIDE (Virchow Biotech Private Limited). The devices used in the focus group were educational devices for demonstration purposes only, containing no medication, needle, or branding; neither device was identified as an originator biologic device or a biosimilar device. The nurses briefly explained how each device worked and summarized the features of each device (eg, needle length, cartridge design). Participants were asked to write one aspect they liked most and one they liked least about each device on an index card and then discuss these aspects with the group.

A draft English-language survey instrument was developed based on the findings from the qualitative focus groups, and pretesting of the survey was conducted via face to face interviews in December 2017. Pretests were conducted with a convenience sample of 10 patients in the US. Participants in the pre-tests had a self-reported physician diagnosis of severe osteoporosis and who either took daily injections to treat severe osteoporosis or were told by a health-care provider that they were at risk for fracture due to osteoporosis. The goal of the pretest interviews was to identify potential improvements in the content, formatting, language, and graphics used in the survey instrument. Patients were asked a series of debriefing questions to determine whether they understood the definitions and instructions in the survey instrument, accepted the hypothetical context of the survey, and successfully completed the choice questions in the survey instrument as instructed. The responses to the comprehension questions in the survey instrument and the patients' verbal reasoning were considered in qualitatively assessing the performance of the survey instrument. The pretest interviews resulted in no significant changes to the survey instrument.

The English-language survey instrument was then translated into Colombian Spanish and reviewed by a Spanish speaker native to Colombia who was not involved in the translation process. To test the translation of the survey instrument and ensure that the concepts and questions presented in the survey were understandable to Spanish speakers, the translated survey instrument was further pretested with native Spanish speakers. The Spanish pretest interviews were conducted using individual telephone interviews with a convenience sample of 10 patients in the US who met the criteria for the English-language pretest interviews and spoke Spanish commonly used in Colombia, Mexico, or another South American country. The Spanish-language pretests were conducted by a native Spanish speaker in March 2018.

Survey Instrument {#S0002-S2002}
-----------------

The final DCE presented each respondent with a series of questions, each of which asked them to select between two unlabeled hypothetical treatments for osteoporosis, characterized by the attributes and levels presented in [Table 1](#T0001){ref-type="table"}. Multiple fractional factorial experimental designs were generated with no prior expectations on the coefficients in Sawtooth and compared for D-efficiency and correlation across attributes.[@CIT0027]--[@CIT0030] The final experimental design comprised three blocks of 12 choice questions each. Respondents were randomly assigned to one block, and the questions within the block were presented in random order to avoid reduce effects. A sample choice question is shown in [Figure 1](#F0001){ref-type="fig"}.Figure 1Example discrete choice experiment question (English-language version).

The survey also included questions to elicit patients' experiences with osteoporosis treatment and socioeconomic and demographic characteristics. Throughout the administration of the DCE, a series of comprehension questions were administered. The results indicated a high awareness of the difference between biologic and biosimilar. Finally, the survey included an exploratory object-case BWS to assess patients' preferences for different types of educational and/or support programs that could be provided with biologic or biosimilar teriparatide, namely, in-person nurse training, starter kit with user guide, web-based video training, ongoing nurse support by phone, ongoing technical support by phone, and online website. The evaluation of education and/or support programs was exploratory and therefore excluded from the main analysis.

Data Collection {#S0002-S2003}
---------------

To be eligible to complete the survey, respondents were required to meet the following criteria: Be a resident of ColombiaBe aged 18 years or olderHave self-reported having taken teriparatide or having been told by a physician that they are at risk of serious fracture due to osteoporosis (overlap between the two was acceptable).Be able to read or understand Spanish and provide informed consent

To conduct the DCE with five attributes and a maximum of three levels for each attribute, a target of 200 respondents was planned.[@CIT0026] Respondents were recruited either through an online panel via email or intercepted in person in Colombia. In-person recruitment was implemented either through physician or personal contact referrals or were intercepted at key locations in different cities in Colombia. Respondents recruited in person were then invited to complete the survey on site using a tablet linked to the same online survey presented to respondents recruited through the online panel.

The survey instrument was programmed and hosted online by Survey Sampling International (SSI). On November 16, 2017, this study was reviewed by RTI International's Institutional Review Board (IRB) and was deemed eligible for IRB exemption (RTI IRB No. 14139). The final survey administered in Colombia was reviewed and approved by the Ethics Committee for Research in Health Sciences Division of Universidad del Norte on May 31, 2018 (evaluation No. 174).

Data Analysis {#S0002-S2004}
-------------

The questions in a DCE generate cross-section/time-series data that require analysis using advanced statistical techniques.[@CIT0031] The DCE data were analyzed using a random parameters logit (RPL) model. The RPL model relates respondents' treatment choices to the attribute levels of each treatment profile in the choice questions. The RPL model mitigates potential estimation bias in the mean preference weight estimates due to unobserved preference heterogeneity among respondents by estimating a distribution around each mean preference parameter and accounts for the fact that each respondent made multiple treatment choices over a series (panel) of choice questions.[@CIT0032]--[@CIT0034] Given the two methods of recruiting, we tested whether data from respondents recruited online and respondents recruited in person could be pooled in a single data set using the test proposed by Swait and Louviere and found that it was possible to pool the data.[@CIT0035] In the second stage of the test, which looks for scale heterogeneity if preferences can be pooled, we found that statistically significant scale heterogeneity was not present in this data set.

For all analyses, a main-effects specification of the utility function as described in Equation 1 was used in estimations, and parameters estimated for each attribute level were assumed to be normally distributed across respondents to capture heterogeneity.

Eq (1) V = β~BIOL~ × BIOL + β~BIOS~ × BIOS

\+ β~MM4~ × MM4 + β~MM6~ × MM6 + β~MM12~ × MM12

\+ β~DEG90~ × DEG90 + β~DEG45~ × DEG45

\+ β~AUTO~ × AUTO + β~MANU~ × MANU

\+ β~NEVR~ × NEVR + β~H24~ × H24 + β~H36~ × H36

where V is the value function for a particular treatment profile (specified as a function of the attributes as in Eq. 1), and β is a parameter estimate for each attribute level. The explanatory variables included in the final utility model are defined in [Table 1](#T0001){ref-type="table"}.

In the final model specification, all independent variables were effects coded so that the mean effect of each attribute was normalized at zero. To have an identifiable model, one level of each attribute was omitted during estimation and recovered after estimation (as the negative sum of the included-category parameters) using the delta method to obtain standard errors.[@CIT0036] Effects-coded independent variables for each attribute level (eg, for a 3-level attribute: 0 1, 1 0, --1 --1, such that the parameter for the omitted category is the negative sum of the included categories) will be used instead of dummy-coded variables (eg, 0 1, 1 0, 0 0) so that the mean effect for each attribute is normalized at zero, rather than having a zero value corresponding to the one level omitted.

Once a functional form has been determined for the distribution of preferences, it is also possible to specify the variance-covariance matrix of the RPL model in a manner consistent with either density independence (by identifying only its diagonal values) or density correlation (by allowing for nonzero off-diagonal values). The latter can be used to account for both preference and variance (often referred to as scale) heterogeneity.[@CIT0037] However, a correlated model requires a greater number of degrees of freedom than a model with independent densities. We estimated uncorrelated and correlated RPL models and, we found that the two model specifications led to the same conclusions and that the correlated RPL model, which required many more degrees of freedom, resulted in a worse Bayesian information criterion. Therefore, the results of the uncorrelated RPL model are presented here. To determine the relative importance of an attribute from the model estimates, the difference between the attribute level with the highest preference weight and the level with the lowest preference weight was calculated. This difference represents the maximum change in utility achievable with any attribute, given the levels chosen for the attributes in the study.

Although the RPL model controls for unobserved preference heterogeneity among respondents in the sample, it does not identify observable characteristics that may be systematically associated with such differences in preferences. To test for systematic differences in preferences between these groups, treatment choices were analyzed using an RPL model with the same specification as the full-sample model. We created a dummy-coded variable that was equal to 1 if the respondent was recruited through the panel and interacted the dummy variable with each of the explanatory variables in Equation 1. The parameter for each of these interaction terms can be interpreted as the difference between the respondents recruited in person and the respondents recruited through the online panel for the preference weights for the corresponding attribute level. Systematic differences in preferences were evaluated using a test of the joint significance of all interaction terms.

All analyses were performed with Stata 15 (Stata Corp LLC, College Station, Texas).

Results {#S0003}
=======

Respondents {#S0003-S2001}
-----------

Two hundred total respondents with osteoporosis who met the inclusion criteria participated in this study and were included in the final sample: 65 (32.5%) were recruited through the SSI online panel via email and 135 (67.5%) were intercepted in person in Colombia and invited to participate in the interview on a tablet. [Table 2](#T0002){ref-type="table"} presents respondent characteristics for both groups and for the full sample, including the result from the Fisher's test to compare the two groups. The mean age was 58 years, with a median of 57. The high prevalence of women in the sample (84.5%, with 92.6% in the subsample recruited in person) is not surprising, as osteoporosis is more prevalent in females than in males. Over 50% of the respondents were married or living as married/civil partnership and had either basic elementary education or secondary education. Thirty-two percent of respondents were homemakers, 16% were employed full time, and 18% were retired. All characteristics listed in [Table 2](#T0002){ref-type="table"}, except current and prior injectable treatment, were statistically significantly different between the groups recruited through the online panel and those intercepted in person.Table 2Respondent Characteristics and Comparison Between Respondents Intercepted in Person and Respondents Recruited Through the Online Panel (Fisher Exact Test)QuestionRecruited Through Online Panel (N = 65)Intercepted in Person (N = 135)Full Sample (N = 200)*P* value^a^What is your gender? Female44 (67.7%)125 (92.6%)169 (84.5%)\<0.001 Male21 (32.3%)10 (7.4%)31 (15.5%)Age (years) N65134199\<0.001 Mean (SD)52.0 (9.2)61.3 (12.5)58.3 (12.3) Median53.061.057.0 Min, max31, 7327, 9127, 91 Q1, Q345, 5655, 7051, 65 Did not answer011What is your marital status Single/never married3 (4.6%)35 (25.9%)38 (19.0%)\<0.001 Married/living as married/civil partnership51 (78.5%)58 (43.0%)109 (54.5%) Divorced or separated10 (15.4%)15 (11.1%)25 (12.5%) Widowed/surviving partner1 (1.5%)26 (19.3%)27 (13.5%) Other01 (0.7%)1 (0.5%)What is the highest level of education you have completed? Basic elementary education or less045 (33.3%)45 (22.5%)\<0.001 Secondary education5 (7.7%)51 (37.8%)56 (28.0%) Professional technical education without title4 (6.2%)5 (3.7%)9 (4.5%) Professional technical education with title9 (13.8%)11 (8.1%)20 (10.0%) Technical school5 (7.7%)9 (6.7%)14 (7.0%) 5-year college degree (eg, BA, BS)23 (35.4%)13 (9.6%)36 (18.0%) Some graduate school but no degree2 (3.1%)1 (0.7%)3 (1.5%) Graduate or professional degree (eg, MBA, MS, MD, PhD)17 (26.2%)017 (8.5%)Which of the following best describes your employment status? Employed full time22 (33.8%)10 (7.4%)32 (16.0%)\<0.001 Employed part-time12 (18.5%)9 (6.7%)21 (10.5%) Self-employed10 (15.4%)25 (18.5%)35 (17.5%) Homemaker4 (6.2%)60 (44.4%)64 (32.0%) Student000 Retired13 (20.0%)23 (17.0%)36 (18.0%) Disabled/unable to work04 (3.0%)4 (2.0%) Unemployed but looking for work4 (6.2%)3 (2.2%)7 (3.5%) Unemployed and not looking for work01 (0.7%)1 (0.5%)Has used injectable medicine before^b^ No46 (70.8%)101 (74.8%)147 (73.5%)0.609 Yes19 (29.2%)34 (25.2%)53 (26.5%)Are you currently taking a daily injection to treat your osteoporosis? No51 (78.5%)107 (79.3%)158 (79.0%)1.000 Yes14 (21.5%)28 (20.7%)42 (21.0%)[^2][^3]

### Preference Weight Estimates {#S0003-S2001-S3001}

[Table 3](#T0003){ref-type="table"} presents the mean parameter estimates from the RPL model, including the parameter estimate for the omitted level of each attribute calculated using post-estimation. These estimates include the estimated parameters for each attribute level included in the model (mean preference estimates for the sample, which we refer to as preference weights), *P* values for the means, and 95% confidence intervals for the mean preference estimates. Because all attribute levels included in the DCE were modeled using effects-coded variables, the *P* value for each preference weight indicates the significance of each attribute level relative to the mean effect of that attribute (normalized to be zero). In addition to the mean preference weights and their significance levels, the RPL model output includes the standard deviations on all random parameters (presented in the last column of [Table 3](#T0003){ref-type="table"}). All standard deviations were statistically significantly different from zero and relatively large, suggesting preferences heterogeneity for all attribute levels across respondents in the sample.Table 3Mean Coefficients from the Random Parameters Logit Model Estimates for the Full Sample (N = 200)AttributeLevelEstimated Parameter95% Confidence IntervalEstimated SDType of medicineOriginal biologic medicine0.7850.6140.9560.912Biosimilar medicine−0.785−0.956−0.6140.912Needle length4 mm0.5550.3780.7310.8056 mm0.1570.0070.3060.36512 mm−0.711−0.906−0.5161.170Angle of injection90-degree angle−0.102−0.2040.0000.37545-degree angle0.1020.0000.2040.375How to measure the medicine dose for each injectionPen sets the correct dose0.5010.3670.6340.594You set the correct dose−0.501−0.634−0.3670.594How long medicine can be left out of the refrigerator when travelingNEVER (must be kept in a cooler when traveling)−0.299−0.487−0.1121.012Can be left out of the refrigerator for up to 24 hours (1 day)0.001−0.1410.1430.446Can be left out of the refrigerator for up to 36 hours (1½ days)0.2990.0960.5021.458[^4][^5]

The results indicate that respondents prefer an original biologic medicine to a biosimilar medicine, shorter needle lengths, a 45-degree injection angle to a 90-degree angle, automatic dosing to manual dosing, and a medicine that can be left out of the refrigerator for longer periods of time. The mean preference weights for all levels of each attribute are statistically significantly different from one another at the 5% level of significance.

### Conditional Relative Attribute Importance {#S0003-S2001-S3002}

The difference between the most- and least-preferred levels of each attribute is a measure of the conditional relative importance of that attribute, ie, the importance of an attribute relative to the other attributes in the study given the range of levels of that attribute. Computing these differences emphasizes that, among the full sample, type of osteoporosis medicine was the most important attribute followed by needle length, how to measure the medicine dose for each injection, how long the medicine can be left out of the refrigerator when traveling, and the angle of injection. Type of osteoporosis medicine was more than 7 times as important as the angle of injection and more than 2.5 times as important as the amount of time the medicine can be left out of the refrigerator, while needle length was approximately 6 times as important as the angle of injection and approximately twice as important as the amount of time the medicine can be left out of the refrigerator. Finally, type of osteoporosis medicine was statistically significantly more important than the amount of time the medicine can be left out of the refrigerator when traveling and the angle of injection. The injection angle was also statistically significantly less important than needle length and medication dosing. These results are also presented graphically in [Figure 2](#F0002){ref-type="fig"} for a simpler overview; note that in the graphic, the results are scaled to show the conditional relative importance estimate for each attribute, such that the attribute with the highest conditional relative importance---type of osteoporosis medicine---is set to 10 and the conditional importance of each of the other attributes is scaled relative to the conditional importance of the attribute with the highest conditional relative importance.Figure 2Conditional relative attribute importance computed for the full sample (N = 200).**Note:** The graphic shows the conditional relative importance estimate for each attribute, scaled such that the attribute with the highest conditional relative importance---type of osteoporosis medicine---is set to 10, and the conditional importance of each of the other attributes is scaled relative to the conditional importance of the attribute with the highest conditional relative importance. The vertical bars surrounding each relative importance weight estimate denote the 95% confidence interval (computed using the delta method).

Subgroup Analysis {#S0003-S2002}
-----------------

We first explored differences in preferences between respondents who were recruited through the online panel (n = 65) vs those who were recruited in person (n = 135). The joint test of significance was statistically significant (*P* = 0.005), indicating that, overall, respondents who were recruited through the online panel had statistically significant, systematically different preferences compared with respondents who were recruited in person. The conditional relative importance estimates for respondents stratified by recruiting method are presented in [Figure 3](#F0003){ref-type="fig"}. Both groups preferred original biologic medicine to biosimilar medicine, shorter needle lengths, automatic dosing to manual dosing, and medicine that can be left out of the refrigerator for longer periods of time. However, only the respondents recruited through the online panel had a statistically significant preference for a 45-degree injection angle over a 90-degree injection angle. Additionally, both groups preferred being able to leave the medicine out of the refrigerator for 36 hours to never being able to leave the medicine unrefrigerated. However, respondents recruited in person had different preferences among the three levels of this attribute compared with respondents recruited through the online panel. Among respondents recruited in person, being able to leave the medicine out of the refrigerator for 36 hours was statistically significantly preferred to 24 hours, while the preference weights for these two attribute levels were not statistically significantly different among respondents recruited through the online panel.Figure 3Conditional relative attribute importance comparing data from respondents recruited online and in person (N = 200).**Note:** The vertical bars surrounding each relative importance weight estimate denote the 95% confidence interval (computed using the delta method).

We explored preferences across different subgroup pairs. The subgroup pairs, the sample size of each subgroup, and the *P* value of each joint test of significance are presented in [Table 4](#T0004){ref-type="table"}.Table 4Descriptions of the Subgroups Analyzed (N = 200)**Subgroup PairSubgroup DescriptionSample Size*****P*** **value**Age: 57 years or younger vs older than 57 years^a^Aged 57 years or younger1010.393Older than 57 years98Age: Younger than 65 years vs 65 years and older^a^Younger than 65 years1420.521Aged 65 years or older57Education: High school diploma or lower vs college degree or higher^b^High school diploma or lower education1440.002College degree or higher education56Employment: Employed or self-employed vs not employed outside the home^c^Full-time, part-time, or self-employed880.023Not employed outside the home112Marital status: Married vs others^d^Married1090.809Other civil status91Fracture experience^e^Has never experienced fracture(s)1700.374Has previously experienced fracture(s)30Injection experience^f^Has used injectable medicine before530.240Has never used injectable medicine147[^6]

When a test of joint significance with seven degrees of freedom (the number of different parameters in the model with subgroups) was performed, preferences across subgroups based on age, marital status, fracture experience, and injection experience were not significantly systematically different, while preferences between subgroups based on education and employment were systematically different at more than a 5% level (0.2% and 2.3%, respectively; see [Table 4](#T0004){ref-type="table"}). The results for these two subgroup pairs are summarized below, and [Figures 4](#F0004){ref-type="fig"} and [5](#F0005){ref-type="fig"} present the conditional relative attribute importance estimates for each subgroup.Figure 4Conditional relative attribute importance for the subgroup analysis based on employment status (N = 200).**Note:** The vertical bars surrounding each relative importance weight estimate denote the 95% confidence interval (computed using the delta method).Figure 5Conditional relative attribute importance for the subgroup analysis based on level of education (N = 200).**Note:** The vertical bars surrounding each relative importance weight estimate denote the 95% confidence interval (computed using the delta method).

The results of the employment subgroup analysis indicate that respondents not employed outside the home had a stronger preference for original biologic medicine over biosimilar medicine than employed or self-employed respondents. The results also show, at least qualitatively, that employed and self-employed respondents placed a higher conditional relative importance on needle length and how to measure the medicine dose.

Among the education subgroups, respondents with a college education or higher placed greater importance on how the medicine dose is measured (preferring the automatic dosing) and considered the type of medicine to be as important as needle length and how long the medicine can be kept outside the refrigerator while traveling. In contrast, respondents with lower education considered the type of medicine and needle length to be the most important attributes. Additionally, the subgroup analysis based on education yielded results that were very similar to the results of the comparison between preferences of respondents recruited through the online panel and respondents recruited in person. Therefore, it is likely that differences in education explain the differences in preferences observed between respondents recruited using the two different recruitment methods.

Discussion {#S0004}
==========

This study elicited preferences of patients with osteoporosis in Colombia for features of injectable originator biologic and biosimilar devices for osteoporosis following good research practices for the conduct of discrete choice experiments.[@CIT0026],[@CIT0038] Because efficacy and safety are assumed to be the same between originator biologics and biosimilars, and the out of pocket costs would not differ from the patient's perspective, this study focused on eliciting patients' preferences for treatment attributes other than efficacy, safety, and cost, that patients indicated were important when choosing among alternative injectable treatments for osteoporosis. On average, Colombian patients with osteoporosis indicated that having an originator biologic product rather than a biosimilar product was the most important driver of treatment choice even after they were informed that a biosimilar treatment works about as well as the originator biologic and has side effects that are very similar to those of the originator biologic. The remaining treatment attributes were, on average, less important to these patients. Specifically, needle length was the second most important attribute followed by (in decreasing order of importance) how the dose is measured, how long the medicine can be left unrefrigerated, and the angle of injection.

The attributes included in this study were based directly on input from patients. In this regard, our study is not entirely unique. Previous preferences studies in osteoporosis also used qualitative research with patients to identify treatment attributes. For example, Silverman et al conducted qualitative interviews with osteoporosis patients.[@CIT0039] Hiligsmann et al conducted group discussions with patients to prioritize a list of 12 medication attributes identified from the literature and discussion with clinicians.[@CIT0040] The attributes included in the current study were identified by patients as being important through focus groups conducted in Colombia and were confirmed as being relevant to patients in qualitative pretest interviews in both the US and Colombia. In the focus groups, patients were asked to indicate which features of injection devices used to deliver biologic and biosimilar osteoporosis medicines were important to patients. Attribute levels were defined based on publicly available consumer information for injectable products. Unlike in other studies, route of administration was effectively excluded from this study because the focus of the study was on biologic and biosimilar treatments which can only be delivered by injection.

Previous research has demonstrated that patients understand differences between biologic and biosimilar medicines, however, this study is the first to use a DCE to elicit patients' preferences for both biologic and biosimilar treatments for osteoporosis.[@CIT0041] Baiji and colleagues used a DCE to elicit gastroenterologists' preferences for using biologic and biosimilar drugs in Crohn's disease and ulcerative colitis.[@CIT0042],[@CIT0043] These studies found that treatment type (biologic versus biosimilar) was important to gastroenterologists, particularly when considering treatment for a patient who was already on an originator biologic. Azevedo and colleagues asked Portuguese patients direct questions to elicit their opinions about biosimilar treatments for psoriasis and found that the majority opposed the use of biosimilars because of the lack of clinical studies of these products in European populations or in patients with psoriasis.[@CIT0044] Two additional studies used surveys to elicit attitudes toward biosimilars among patients in Germany and found that patients were reluctant to accept biosimilar products in part because they believed not enough was known about the treatment.[@CIT0045],[@CIT0046] Finally, a number of studies used simulated-use or interview methods to elicit patients' impressions of autoinjectors for biosimilar formulations of etanercept and adalimumab; however, none of these studies used a DCE to elicit preferences.[@CIT0047]--[@CIT0050]

To our knowledge, this is one of the first DCEs to be administered to patients in Colombia. Most of the previous studies of patients' preferences for osteoporosis treatments were conducted in the US and Western Europe and none of the existing studies were conducted in Latin America.[@CIT0040] As a result, the vast majority of research designed to understand preferences for osteoporosis treatments involved eliciting preferences among middle-class Caucasian women. A multi-country European study demonstrated that statistically significant differences in preferences between countries for some, but not all, osteoporosis treatment attributes indicate that cultural and socioeconomic differences among countries may influence treatment preferences.[@CIT0051] Silverman found no differences in preferences among postmenopausal women from different racial and ethnic groups; however, education and income were found to be predictors of patient preferences.[@CIT0039] Similar to Silverman, we found that preferences differed systematically by education and employment, indicating that preferences within what is likely a culturally homogeneous population vary based on socioeconomic status.[@CIT0039]

This study focused on eliciting preferences of osteoporosis patients who had either injectable osteoporosis treatment experience or who had been told they were at high risk of fracture. Some previous studies of patient preferences for osteoporosis treatment included osteoporosis patients at lower risk of fracture who were eligible for pharmacologic treatment or for whom medication or lifestyle changes had been proposed.[@CIT0016],[@CIT0051] Other studies included patients with severe osteoporosis or high fracture risk in the sample.[@CIT0015],[@CIT0052] Among previous stated-preference studies in osteoporosis, only Silverman and colleagues sampled only patients with prior fracture or who were at high risk of fracture.[@CIT0039] Among those studies that included high-risk patients in the sample, one study found that patients at high risk for fracture were more concerned about reducing the risk of fracture than those at lower risk.[@CIT0015] In this study, sampling patients at higher risk of fracture were chosen because biologic treatments for osteoporosis are accessible in Colombia only to patients as a second-line option and because higher fracture risk has been shown to affect patient preferences for medications.[@CIT0015]

Patient preference studies provide important information about the relative importance that patients place on different aspects of treatment or healthcare delivery. Stated-preference studies similar to the one reported here have been used to inform approval decisions by regulators and to support shared decision-making between patients and their health-care providers.[@CIT0053],[@CIT0054] Patient preference studies often demonstrate that patients' values may differ from those of their doctors.[@CIT0055] In addition, such studies can provide insights into why patients may choose not to adhere to treatment despite the risk of poor health outcomes.[@CIT0056] Therefore, patient preference information can inform health-care decisions throughout the healthcare system.

This study was patient-centered and used rigorous methods to elicit patient preferences following good research practices; however, our study also has some limitations. First, stated preferences may differ from preferences implied by actual treatment choices. An inherent limitation of all stated-preference methods is that respondents are evaluating hypothetical medications, and what respondents declare they will do may potentially be different from what they would actually do if faced with the choice in real life. However, the purpose of the study was not to predict future behavior but to elicit preferences and quantify the relative importance of attributes that differentiate biologic and biosimilar osteoporosis treatments. Our study focused on five attributes of a hypothetical injectable treatment, we did not incorporate attributes related to other types of osteoporosis medications that are available to patients at high risk of osteoporosis. We do not know whether our findings would be different if we included additional attributes in our study. Noteworthy is that when examining the list of attributes, no teriparatide treatment, biologic or biosimilar, is positive on all five attributes and originator teriparatide does not necessarily differentiate from biosimilar teriparatide on the four attributes. Originator teriparatide, for example, cannot be left unrefrigerated for any length of time and while angle of injection was included as a device attribute, it is not included in product labels. Therefore, we cannot use these results to accurately predict the likelihood that any individual patient or group of patients would choose biologic or biosimilar teriparatide.

Another potential limitation is that the survey was administered in 2018, shortly after the introduction of biosimilar teriparatide; therefore, patients may not have been familiar or comfortable with biosimilar treatments beyond what was explained during the conduct of the study. Treatment patterns and patient awareness of or comfort with biosimilar alternatives could have changed since the data were collected.

The sample included in the study may not be representative of patients who would be offered teriparatide -- originator or biosimilar. The average age of respondents was 58 years, and the majority of respondents had not experienced a fracture, suggesting that their baseline risk of subsequent fracture may be lower than for patients currently treated with teriparatide in Colombia. Furthermore, the sample size for the study may be insufficient to detect some differences in preferences between subgroup pairs. For example, our study was unable to examine the impact of secondary factors including income, chronological age, and prior teriparatide treatment on patient weighting of attributes for injectable osteoporosis medications.

Finally, the results from patients recruited through the online panel differed from those recruited in person indicating that the results may be sensitive to the method of recruitment or that the method of recruitment resulted in some selection bias. However, differences appear to be driven by differences in education rather than differences in recruitment method per se which may provide an explanation for the differences in results between the two groups.

Conclusion {#S0005}
==========

Clinical and policy decisions, as well as product development could benefit from knowledge about what patients' value and prefer regarding their treatment. In this study, we demonstrated that despite the availability of biosimilar teriparatide in Colombia, when given the choice between hypothetical osteoporosis treatments, when the efficacy, safety, and cost of the two options were assumed to be the same, patients in Colombia expressed a strong preference for an original biologic osteoporosis medicine over a biosimilar osteoporosis medicine. In addition, patients of higher socioeconomic status (defined by higher employment and education) likely place greater emphasis on convenience (dose measurement and refrigeration requirements) than do patients who are unemployed or have lower educational attainment. Colombian physicians and policymakers should therefore not only take patient preferences but also individual patient characteristics, into account when determine the appropriate approaches to manage osteoporosis among those at high risk of fracture.
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[^1]: **Notes:** ^a^This level was omitted for model identification during estimation and recovered after estimation (as the negative sum of the included-category parameters). Standard errors were recovered using the delta method.[@CIT0036]

[^2]: **Notes:** ^a^The *P* value is related to the Fisher exact test of association between respondents who were recruited through the online panel and respondents who were intercepted in person. ^b^Based on the question: "What types of treatments or medicines have you ever used to treat your osteoporosis? (Please check all that apply)." Respondents were assigned to the "Has used injectable medicine before" subgroup if "Injections or infusions at a doctor's office, hospital, or clinic" or "Injections that you give yourself at home" was selected.

[^3]: **Abbreviations:** BA, Bachelor of Arts; BS, Bachelor of Science; Max, maximum age; MBA, Master of Business Administration; MD, Medical Doctor; min, minimum age; MS, Master of Science; PhD, Doctor of Philosophy; Q1, 25th percentile; Q3, 75th percentile; SD, standard deviation.

[^4]: **Note:** One attribute level was omitted for model identification (see [Table 2](#T0002){ref-type="table"}) and retrieved by difference with the non-omitted levels and using the delta method to compute the standard error. All independent variables were effects coded so that the mean effect of each attribute was normalized at zero. Significance is therefore for the difference from the mean effect of the relative attribute.

[^5]: **Abbreviations:** BIC, Bayesian information criterion; LL, loglikelihood; SD, standard deviation.

[^6]: **Notes:** ^a^One respondent did not provide the year they were born, so they are not included in the dummy-coded variable. ^b^This subgroup was created based on answers to the question, "What is the highest level of education you have completed?" Respondents were assigned to the "High school diploma or lower education" subgroup if they answered either "Basic elementary education or less," "Secondary education," "Professional technical education without title," "Professional technical education with title," or "Technical school"; respondents were assigned to the "College degree or higher education" subgroup if they answered "5-year college degree," "Some graduate school but no degree," or "Graduate degree." ^c^This subgroup was created based on answers to the question, "Which of the following best describes your employment status?" Respondents were assigned to the "Full-time, part-time, or self-employed" subgroup if they answered either "Employed full-time," "Employed part-time," or "Self-employed"; respondents were assigned to the "Not employed outside the home" subgroup if they answered "Homemaker," "Student," "Retired," "Disabled/unable to work," "Unemployed but looking for work," or "Unemployed and not looking for work." ^d^This subgroup was created based on answers to the question, "What is your marital status?" Respondents were assigned to the "Married" subgroup if they answered "Married/living as married/civil partnership"; respondents were assigned to the "Other civil status" subgroup if they answered "Single/never married," "Divorced or separated," "Widowed/surviving partner," or "Other." ^e^This subgroup was created based on answers to the question, "Which of the following symptoms of osteoporosis have you ever experienced? (Please check all that apply)." Respondents were assigned to the "Has previously experienced fracture(s)" subgroup if "Fracture of the spine, wrist, forearm, or hip" was selected. ^f^This subgroup was created based on answers to the question, "What types of treatments or medicines have you ever used to treat your osteoporosis? (Please check all that apply)." Respondents were assigned to the "Has used injectable medicine before" subgroup if "Injections or infusions at a doctor's office, hospital, or clinic."
